Cosmic-ray positrons were first observed during pioneering experiments in the sixties [1] using balloon-borne magnetic spectrometers. Positrons are a natural component of the cosmic radiation, produced in the interaction between cosmic rays and the interstellar matter.
Since the first calculations of secondary positron fluxes (e.g., [2] ) positrons have been shown to be extremely interesting for understanding the propagation mechanisms of cosmic rays.
Furthermore, novel sources of primary cosmic-ray positrons of either astrophysical or exotic origin can also be probed.
Since July 2006, PAMELA (a Payload for Antimatter Matter Exploration and Lightnuclei Astrophysics) has been measuring the antiparticle component of the cosmic radiation. A previous PAMELA measurement of the positron fraction, the ratio of positron and electron fluxes: φ(e + ) / (φ(e + ) + φ(e − )), between 1.5 and 100 GeV [3, 4] showed the first clear deviation from secondary production models. Very recently, this was confirmed by the AMS collaboration that presented results on the high-energy positron fraction [5] in excellent agreement with the PAMELA data. A subsequent PAMELA measurement of the cosmic-ray antiproton energy spectrum [6] was found to be consistent with expectations from secondary production calculations. In order to explain these results both dark matter and astrophysical objects (e.g., pulsars) have been proposed as positron sources (e.g., [7] ). More than 20 years ago a positron excess at high energy was postulated for the annihilation of dark matter particles in the galactic halo (e.g., [8, 9] ). While extremely intriguing, such an explanation is challenged by the asymmetry between the leptonic (positrons) and hadronic (antiprotons) PAMELA data. A very high mass neutralino (e.g., [10] ) is required if this is the dominant dark matter species. The allowed supersymmetric parameter space does not favour this scenario. A dark matter contribution may require pure leptonic annihilation channels (e.g., [10] ) or the introduction of a new dark sector of forces (e.g., [11] ). A contribution from pulsars would naturally increase the positron and electron abundances (e.g., [12] ) without affecting the antiproton component. Other astrophysical models [13] [14] [15] have been proposed to explain the PAMELA positron results with an, as yet unobserved, increase in the antiproton and secondary nuclei abundances predicted at high energies (≥100 GeV/n).
A detailed measurement of the positron energy spectrum complements information from the positron fraction and provides stronger constraints on theoretical models than possible from the positron fraction alone.
The PAMELA experiment [7, 16] In our first publications of the positron component [3, 4] a classical analysis was employed applying strict criteria to this information. In this work the information was processed using a multivariate approach providing a significant increase in the positron selection efficiency and a cross-check of the previously published data. Specifically, the "multilayer perceptron"
(MLP) network [17] type of artificial neural network [18] implemented in the TMVA [19] tool kit was used. A set of 24 classification variables was chosen in order to fully represent the topology of the shower inside the calorimeter. The analysis was performed in intervals of rigidity using events generated by a Monte Carlo simulation of the PAMELA apparatus based on the GEANT4 code [20] . The samples of simulated electrons and protons were divided into two parts. The first part was used for the training of the multivariate algorithms while the second part was used to test the classifiers. Once the training and the testing had been performed, it was possible to classify the negatively-charged (mostly electrons) and positively-charged (protons + positrons) particles selected from the flight data.
Up to 20 GV/c, the number of electrons for each rigidity interval was obtained by fitting the output distribution for negatively-charged particles with the distribution: pF e , where that timed the periods during which the apparatus was waiting for a trigger. The geometrical factor was estimated with simulation to be constant at 19.9 cm 2 sr in the energy range of interest. Positron energy spectra were obtained for different intervals of vertical geomagnetic cutoff, estimated in the Störmer approximation [27] using the satellite orbital information.
The energy spectra were unfolded using a Bayesian unfolding procedure [28] . Spectra were combined accounting for the proper live times and using only the fluxes at energies that exceeded 1.3 times the maximum vertical geomagnetic cutoff at each cutoff interval. The total systematic uncertainty on the flux was obtained by summing in quadrature the various systematic errors due to acceptance, efficiency estimation and spectrum unfolding. A systematic uncertainty on the overall flux estimation was derived by comparing the electron energy spectra obtained using the calorimeter and the tracking information. The two sets of fluxes differed by about 5% at 2 GeV linearly increasing to 17% at 100 GeV. Thus, the total systematic uncertainty on the flux was found to vary from ≃ 6% at 2 GV to ≃ 20% above 100 GV.
The energy-binned positron data are given in Table I The time dependence of the low energy positron spectrum will be the topic of a future publication. In this paper only positron data above 1.5 GeV are presented. Taking into account the experimental uncertainties and solar modulation effects, the positron fraction presented here is in agreement with the previously published PAMELA results [3, 4] . Figure 3 shows PAMELA data along with theoretical predictions. The solid line shows the original GALPROP calculation [37] (calculated using the force field approximation [38] with solar modulation parameter Φ = 600 MV) assuming a pure secondary production of positrons during the propagation of cosmic rays in the Galaxy. The dotted line shows a recent calculation of secondary positrons [39] where it is argued that the progenitor proton flux is not expected to vary significantly within a few kpc from Earth and so the flux of CAPRICE94 [29] , HEAT94+95 [30] , AMS-01 [31] , Fermi [32] . The PAMELA, Fermi and AMS-01 results are from space-borne experiments. The PAMELA lower limit is that for a 90% confidence level. PAMELA data points include both statistical and systematic errors.
from annihilating dark matter particles of mass 1.2 TeV via a dark gauge boson of mass 580
MeV to charged lepton pairs [40] .
A variety of astrophysical models have also been put forward to explain the positron excess. Pulsars are well known particle accelerators. Primary electrons are accelerated in the magnetosphere of pulsars resulting in the emission of synchrotron gamma rays. In the presence of the pulsar magnetic field, these gamma rays can produce positron and electron pairs which escape into the interstellar medium after ∼ 10 5 years contributing to the high-energy electron and positron cosmic-ray components (e.g., [12] ). As an example, in Figure 3 the dash-dotted line indicates a contribution to the secondary component from astrophysical sources such as pulsars [39] . According to [39] poor constraints on the positron flux, e.g., from radio observations. It should be noted that the contribution of primaries could take any shape and that the dash-dotted line is just one possibility. Therefore, it has been concluded [39] that the positron anomaly can be explained by a few prominent astrophysical sources. Furthermore, the positron excess could also be explained [13] [14] [15] by secondary production taking place in the acceleration region of supernova remnants. HEAT94+95 [35] , CAPRICE94 [29] , AMS-01 [31, 33] , HEAT00 [41] , Aesop [36] , Fermi [32] , AMS-02 [5] . The PAMELA, Fermi, AMS-01 and AMS-02 results are from space-borne experiments.
atically lower than other data (except AMS-02 [5] and Aesop data [36] ). This low energy discrepancy with data collected during the 1990s, i.e., from the previous solar cycle that favored positively-charged particles, is interpreted as a consequence of charge-sign solar
